
,

AD-775 371

RADIATION-INDUCED CHANGES IN EXPLOSIVE

MATERIALS

Louis Avrami, et al

Picatinny Arsenal
Dover, New Jersey

December 1973

I

I

I

DISTRIBUTED BYYf

SI

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Fort R~oyal Road, Springtield Va. 22117



L, S

. . . . . . ....

The findinigs inthib rep~r' are not tu 1x oowtrued a.

.L ~ nOfficial Departmnet of the Arms Positioa., /-

Debwry thxis report. wheni no onuger- nwedd Dou no
1-4rehirn to the rigainator. - .



r.-

Picatinny Arsenal Technical Report 4602

RADIATION-INDUCED CHANGES

IN EXPLOSIVE MATERIALS

F. by

Louis Avrami
Henry J. Jackson

Maurice S. Kirshenbaum

December 1973

Explosives Division
Feltman Research Laboratory

Picatinny Arsenal
Dover, New Jersey

p



'A TABLE OF CONTENTS

Page No.

Abstract 1

Introduction 2

Radiation Environment 3

Experimental Procedure 3

a. Thermal Stability 4

1. Vacuum Stability 6

2. Weight Loss and Dimensional Changes 10

3. Differential Therual Analysis (DTA) 10

- 4. Thermogravimetric Analysis (TGA) 10

b Purity 33

1, Melting Point and Color Change 33

2. Infrared Spectra (UR) 33

c. Sensitivity 33

1. Impact Sensitivity 33

t 2. Explosion Temperature 37

d. Exploeive Fertormance 37

Results and Discussion 60

A Summary 71

Acknowledgements 72

References 73

Distribution List 74

%i

. _t. . - _ " - - : 2 -

1Ž
,',I I II I I I I



It

TABLE OF CONTENTS (Continued)

Tables

1 Effect of Gamma Radiation on Explosives as Shown 7

by the Vacuum Stability Test

2 Dimensional Changes in Explosive Pellets as 11
Function of Total Gamma Exposure

3 Differential Thermal Analysis :DTA) Data for 15
Irradiated Explosives

4 Thermogravimetric Analysis (TGA) Data for 29
Irradiated Explosives

5 Effect of Gamma RPolation on the Melting 34
Point and Color oa Explosives

6 Impact Sensitivity Data for Irradiated 38
Explosives

7 Effect of Camma Radiation on Explosion Temnera- 40
ture and Apparent Activation Energy of Explosives

8 Effect of Gamma Radiation on Rates of Detonation 56

Figures

1 Containment Capsule Assembly for Gamea Irradiation 5
of Explosive Powder Stamplc;

2 Weight Lose of Explosives Irradiated in Powder 13

3 Weight Loss of Explosives Irradi.ated in Pellet 14
Form

4 DTA "hermograms for BaN6 as a Function of Gamma 18
Dose

5 DTA Thermograms for DATB as a function of Gamma Dose 1.9

6 DAT Thermograms of WMX as a Function of Gamma Dose 20



TABLE OF CONTENTS (Cntinued)

age No.

Figure

7 DTA Thermograms of NGu as a Function of Gams Dose 21

8 DTA Thermograms of PEIN as a Function of Gamma Lose 22

9 DTA Thermograms of PR)X as a Function of Gamma Dose 23

10 DTA Thermograms of TACOT as a Function of Gamma Dose 24

11 DTA Thermograms of TATB as a Function of Gamma Dose 25

12 DTA Thermograms of Tetryl as a Function of Gamma Dose 26

S13 DTA Thermograms of TNB as a Function of Gamma Dose 27

14 DTA Thermograms of TNT as a Function of Gamma Dose 28

15 Infrared Spectra for BaN6 Before and After Gamma 36
Irradiation

16 Explo:inon Temperature Curves for BaN6 Before and 42
After Gamma Irradiation

17 Explosion Temperature Curves for DATB Before and 43
After Gamma Irradiation

18 Expl ý?sion Temperature Curves for HMX Before and 44
Afte* Gamma trradiation

19 Explosion Temperature Curve for Nitroguanidine 45
(NGu) B-store and After Gamma irradiation

20 Explosion Temperature Curves for PETN Before mad 46
After Gamma Irradiation

21 Explosion Temperature Curves for RDX Before and 47
After Gamma Irradiation

22 Explosion Temperature Curves for TACOT Before 48
and After Gamma IrradiationII



I

TABLE OF CONTENTS (Continued)

Figure

23 Explosion Tt aperature Curves for TATB before 49
and After Gamma Irradiation

24 Explosion Tempera-ure Curves for Tetryl Before 50
and After Gamma Irradiation

25 Explosion Temperature Curves for TNB Be.utL 51
and After Gamma Irradiation

26 Explosion Temperature Curves for TNT Before 52
and After Gamma Irradiation

27 Effect of Gamma Radiation on 5-Second Explosion 53
Temperature

28 Detonation Velocity Test Array 55

29 Effect of Gamma Radiation on the Detonation 58

30 Detonation Pressure versus Density for Explosives 59
Before and After Gamma Irradiati.on



i ABSTRACT

A group of elevg8 explosive materials in powder and pellet form
were subjected to Co gamma radiation and the results are tabulatedand discussed. The explosives were studied using weight loss, dimen-

sional change, vacuum stability, DTA, TGA, infrared spectra, melting
point, impact sensitivity, explosion temperature and rates of deto-
nation as a Lunction of total gamma exposure up to and including

Slevels of 10 R. Based on this work, a damage threshold as a function
of total gamma dose was determined for each material. The results

"incate that the capability of the explosives studied to withstand
"Co gamma radiation decreases in the follow.ng order:
TACOT > 'IaTB > DATB > HHX > Tetryl > TNB > TNT > RDX > PETN >

SNGu > BaN6.
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INTRODUCTION

Ii
From 1966 to 1971 a program was conducted at Picatinny Arsenal

to investigate and determine the effects of gamma radiation on several
explosive materials. The purpose of the program was to determine the
capability of the explosive materials to withstand an ionizing radia-
tion enviroument and to determine their radiation exposure limits,

This program was conducted in conjunction with an Air Force program
studying the effects of gauma radiation on selected fluoroexplosives. 1

This program also was an outgrowth of a similar study in which a large
number of reactive materials were subjected to a nuclear reactor ra-

diation environment in order to determine their radiation resistance. 2 ' 5

The following explosives were studied:

1. BaN6 (barium azide)

2. DAIB (diaminotrinitrobenzene)

3. IMV (cyclotetramethyleneLetranitran•ine)

4. NGu (ni trogiianidne)

5. PETN (penetaerythritol tetranitrete)

6. RDX (cyclotriuethylenetrinitramine)

7. TACOT (tetranitrodibenzotetraazopentalene)

8. TATB (triaminotrinitrobenzene)

9. Tetryl (trinitrophenylethylnitramine)

10. TNB (1,3,5 trinitrobenzene)

11. TNT (2,4,6 trinitrotoluene)

2
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RADIATION ENV IRONMENT

The effectsgf gamma radiation on the explosive materials were
studiud using Co radiation consisting of 1.173 Mev and 1.332 Mev
gamma rays. Since these two groups are emitted in equal quantities,
the energy is usually reported as 1.25 Mev, the average. Because the
gamma ray energy is in the intevmediate energy range, the major ra-

diation damage to the organic materials studied in this program was
induced by ionization caused by the predominant Compton effect.

The 10,000 curie Co60 radiation source used is located at
Picatinny Arsenal. The radiation intensities were deternined by the
LiF thermoluminescent dosintry method. The dose rates in this study

ranged from 6.4 to 9.2 x 10 R/hr wnil.e the total exposures tver. from
10 7R to over 10 9R. In this report, the unit chosen to express the
exposure is the roentgen (R). The energy conversion factor for ab-
sorbed dose are:

IR (of dry air) - 87.7 ergs (absorbed)/g (C)

1.14R - 100 ergs/g (C) - 1 rad

EXPERIMENTAL PROCEDURE

The irradiated explosive materials were in two forms: powder
(granular) and pellets pressed from the powder. The cylindrical
pellets, pressed without binders, were 1/2-inch thick and about
3/4-inch long.

For irradiating the explosive powders, about 1.5 grams of ex-
plosive were placed in, quartz vial ('50 f,- long, 9 mm I.D. and I mm
wall thickness) and four vials were placed in a 12--inch long aluminum
tube with a 1/2-inch O.D. and a 0.22-inch wall tbickness. TVe vial.s
were centered in the tube by means of a 3/8-inch diameter alukinum
or glass rod. The bottom of the tube was closed by using glass wool
aa a plug. This assembly was then interred into a stainless steel
containment capsule. This capsule was constructed from 1 1/2-inch-
diameter, 12-inch-lone No. 316 stainless steel pipe with a 0.145-inch
wall. The bottom end of the capsule was closed by a welded stainless
steel pipe end cap. The top section which is welded to the pipe c.on-
sists of an adapter with a threaded hole into which a 3/4-inch GA).

3! 4.



threaded stainless steel plug is scre'.-ed. The plug was reamed out
so that when the aluminum tube with the powder samples is inserted
into the capsule, the screwing-in of the plug automatically centers
the tube. Figure 1 illustrates the containment capsule, the aluminum
tube, and the quartz vials with powder prior to assembly. The over-
all length of the capsule is 14 inches.

Tht purpose of t capsule was to serve as a containment vessel
to ensure that the Co source would not be damaged in any way if any
of the explosive detonated daring irradiation. This capsule had been
tested to contain a detouation produced by 20 grams of pressed JINX. 1

To irradiate the 1/2-inch diameter pellets a 5/8-inch O.D. alumi-
num tube with a 0.035-inch wall was used. In this 12-inch tube, seven
pellets were placed, the height being governed by a 1/2-inch diameter
glass or aluminum rod, This in turn was kept in place by a glass wool
plug at the bottom of the aluminum tube. Because the amount of ex-
plosive used was larger, the containment capsule for the pellets had
to be thicker walled than the capsule for the explosive powder. Thus,
while otherwise similar to the powder-containing capsule, the capsule
for the explosive pellets was designed to have 0.200-inch-thick walls
instead of the 0.145-inch walls used for the powder-containing capsule.
This capsule had been tested to coatain the detonation produced by
50 grams of pressed HMX.' These capsules have been used for gamma
irradiations and also as shippilig Coin&LLuerS fo'r exploat- - .. t. r a---
for the past seven years without any incidents.

The effects of radiation on the listed explosives were determined
by measuring changes in the physical, chemical and explosive charac-
teristics of these compounds before and after irradiation using a
variety of standard laboratory tests:

a. Thermal Stability

1. Vacuum stability

2. Weight loss and dimensional charge

3. Differential thermal analyses (DTA)

4. Thermogravimetric analysis (TGA)

4
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FIGURE I Containment Capsule Assembly for Gonmna
Irradiation of Explosive Powder Sample
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b. Purity

1. Melting points and color change

2. Iufrared spectra (IR)

c. Sensitivity

1. Impac'

2. Explosive temperature

d. Explosive performance

1. Detonation velocity

The majority of the measurements of the physiral, chemical and
explosive properties of the irradiated explosives were obtained soon
after irradiation, normally within hours after removal from the
radiation chamber. Most of the values of the control samples (un-
irradiated materials) were determined during the period when the ir-
radiated explosives were in the radiation chamber. Other data in the
open literature was also used for conparisor, purposes. In othera
instances some of the tests were repeated after a time interval to
confirm if all of the changes noted were permanent. The kinetics in-
volved with the changes were not determined.

a. Thermal Stabiltty

The effect of gama radiation on the thermal stability of the
explosives under study was determined from results of the vatuum
stability tests, weight loss measurements on powder and pellet aampleo,
differential thermal analyses (DTA) and thermogravimetric analyses

1. Vacuum Stability

The vacuum stability test (VST) results of the explosives
studied were obtained at 1006, 1200 and 200 0C. At 200C the test was
conducted with a 0.2 gram sample and the volumes of gas evolved was

4 measured after a 2 hour Interval. At the other temperatures the sample
size was I gram and the gas evolved was measured after 40 hours. The
VST results are listed in Table 1.

6
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2. Weight Loss Measuremerts

The explosive powder samples were weighed in the quartz
vials while the pressed pellets were weighed directly. The dimensional
measurements were made within + 0.0005 inch. The densities of the ex-
plosive pellets were determined from weight and dimensional data. The
dimensional changes due to the effects of total gamma done in the ex-
plosive pellets are shown in Table 2. The weight losses of the explo-
sives in powder form as a function of total gamma dose are shown in
Figure 2 while the weight losses of the explosives in pellet form are
shown in Figure 3.

3. Differential Thermal Analysis (DTA)

The DTA studies were conducted using a duPont 900 Differ-
ential Thermal Analyzer at a heating rate of 20 0 C/minute while in a
nitrogen atmosphere In this thermal study the temperature differen-
tial between the material under investigation and a thermally inert
reference sample was measured. The onset and peak values in the endo-
therms and exotherms were recorded. Comparisuns were made with '.he
same values obtained in the thermograms for the irradiated explosives.
The unirradiated material is referred to as the standard or control
sample and comparisons were made as a function of the total gamma
Annea The reit- are !at-tAe in Ta-ble 3 and the PTA thermngrams fnr
each of the explosives are depicted in Figures 4 through 14. In these
figures the peak values in the endotherms and exotherms are annotated.

4. Thermogravimetric Analyses (TGA)

Another thermal parameter which was measured as a function
of temperature was the change in mass. The volitization of a substance
can be followed by the standard non-isothermal thermogravimetric method.
By this procedure decomposition ihich results in gaseous products is
detected, and a quantitative measure of the amount and rate of decom-
position at each temperature. The TGA thermograms are sufficiently
reproducible to permit the determination of the temperature-stability
ranges of the explosive materials. The thermogravimetric studies were
performed with the duPont 950 Thermal Graviti-tric Analyzer (TGA) which
is an attachment to the duPont 900 DTA. In this stuidy, normally a
20C/min. heating rate (which was the rate used in the DTA studies)
wa, used, and the temperature at which a 10% weight loss occurred was
recorded. Also for several of the explosives other heating rates
(10*C/min., 50*C/min. and 80'C/min.) were used and the temperature
was noted in which the total or maximum weight loss was believed to
have occurred. The results obtained as a funcLion of total dose art
listed in Table 4.

10
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b. Purity

1. Melting Points and Color Cnange

The melting points were obtained to determine the changes
caused by ionizing radiation in the purity of each explosive material.
Also from a visual point the color changes were noted for each dosage.
The results are given in Table 5. As can be expected the principal
effect on practically all the explosives was to lower their melting
points. This can also be compared to the endotherms in the DTA
thermograms.

2. Infrared Spectra (IR)

Infrared absorption can be used for the identification of
a pure compound and for the detection of significant changes in the
molecular structure of a compound which has been subjected to a par-
ticular environment. Usually these changes are indicated by the dis-
appearance or appearance of bands, or a combination of both. The de-
tection of these changes usuall) depends on the nature of the reaction
product or impurity and its concentration, which usually must be
greater than one percent.

L The I- fiLL U (R) bpeLtra for Ehe explosives were ob-
tained by the KBr (potassium bromide) pellet technique before and
after irradiation. The spectrum of the irradiated sample compared
to that of the control.. The IR spectra of all the explosives except
BaN did not indicate any significant changes when compared to the
control IR spectra. The changes in BaN are shown in. Figure 15 which
will be discussed later.

c. Sensitivity

To determine the effects of gamma radiation on the sensitivity

characteristics of the explosiven studied, the tests selected were the

impact sensitivity test (mechanical stimulus) and the explosion temper-
ature test (thermal sensitivity).

1 Impact Sensitivity

To measure the sensitIvity of an explosive sample to
mechanical impact, the Picatinny Arsenal impact machine was used.
With a 2 kg dropweight the height of fall in inches which produces
explosions in 50% of the samples tested is the reported impact sensi-
tivity index. The procedure used to determine the 50% point was the
Bruceton up-and-don method.
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TABLE 5

EFFECT OF GAMM RADIATION ON THE ML IG

POINT AND COLOR OF EXPLOSIVES

Melting
Total Dose Point

Explosive R 0C Color

BaN 6 0 201.5 White
1.4 x 108 205.5 White
1.2 x 109 -- White Exploded @ 260
1.0 X 10 -- White No Reaction @ 290

DATB 0 283.5 Yellow
1.5 x 1087 283.5 Yellow Green
1.3 x 109 282.5 Green
1.2 x 109 281.5 Dark Brown
4.0 x 1 Purplish Browa

ma 0 273.5 White
1.3 x 107 271.0 White
1.1 X 109 271.0 White
1.0 x 10 255 Dec. White

NGu 0 239 White
1.3 x 108 237 Off White
I.I x 109 232 Yellowish White
1.0 x 10 9 White

PETN 0 7 141.5 White
1.0 x 107 141.5 White
9.0 x 10 136 White
1.06 x 10• White Paste

7 197 I .j W11iLe
1.0 107 198 White
9.0 x 10 9 203 White
1.06 x 10v 191 Dec. White Paste

TACOT 0 390 Dec. Red Orange
1.4 x 10 390 Dec. Red Orange
1.2 x 10• 388 Dec. Brownish Orange
1.1 x 109 378 Dec. Reddish Dark Brown
3.7 z 10 Maroon Dark Brown
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TABLE 5 (Continued)

Malting
Total Dose Point

Explosive R 6C Color

TATE 0 400 Dec. Yellow
1.0 x 10 400 Dec. Yellow Green-7.0 x 107 400O Dec. Green

7.4 x 10 400 Dec. Dark Green
2.8 x 10 400 Dec. Blackish Green

Tetryl 0 7 129 Yellow
1.4 x 10 8 129 Dark Yellow
1.2 x 10 9 128 Brownish Yellow
1.0 x 10• Brownish Yellow

TNB 0 120 Pale Yellow
1.5 x 107 120 Yellow

1.3 x 10• 120 Yellow
S1.0 x 10 9 113 Brown

TNT 0 81,5 Light Yellow
1.0 x 108 80.5 Yellow

1.0 x 10' Brownish Yellow
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The Bruceton 50% fire values for the control and irra-

diated explosives are listed in Table 6. The gamma radiation did not

affect the impact sensitivity of all the explosives the same way.
Some explosives showed an increase, some a decrease and others essen-
tially no change in sensitivity. However, in every case at the upper-I most dose levels the "go" values did not sound as powerful as those
for the control samples.

2. Explosion Temperature

The explosion temperature test is used as a mean6 of de-
termining the theimal sensitivity of an explosive material. By this
method the time to explosion for a given temperature is determined
for an explosive. The relationship for explosive materials between
the time to explosion and the temperature T is expressed by the
expression:

E: /RTt Ae a (1)

where E is the activation energy in kcal/mole, A is a constant de-
pendent on the geometry of the experiment and the composition CiL the
explosive, T is the explosion temperature in *K, and R is the univer-
sal gas constant. In logarithmic form this equation is

In t - In A + E a/RT (2)

-i.
In the plot of In t vs T , the slope of the straight

line obtained is equal to E a/RT permitting the determination of E
which, in reality, in only an apparent activation energy since the
entire explosive Is not subjected simultaneously to isothermal heat-
ing. The confined or closed method of obtaining the explosion tempera-
ture curves was first proposed by Henkin and McGill 4 and modified by
Zinn and Rogemera tureururvs Fo r 16 through 26 display the
explosiov temperature curves for all of the explosives before and
after ifrediation, The apnarent activation ener'ien weare nbtnined!
from the slope of each curve which was determined by the least square
method. These are listed with the 5-second explosion temperature for
each explosive in Table 7. The effect of total gamma dose on the 5-
second explosion temperature for each explosive is shown in Figure 27.

d. Detonation Velocity

The rates of detonation were measured by the pin machine
technique. The method utilizes ionization-operated pin switches
located along the rate stick (explosive charge) at known distances.
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TABLE 6
IMPACT SENSITIVITY DATA FOR IWADIATED WXPLOIVES

- 50% FIlE HEIGHT IN INCHES BY BRUCETON MIETOD -

Total Co6 0

Explosive Gamma Dooe-R X&-ean-Inches !L-Std. Dev.-Inches
BaN6 0 11.22 1.30

1.4 x 10 7.03 5.181.2 x J09 11.42 1.671.0 x IX0 36+ (a) --

DATB 0 20.64(b) 6.20
1.5 x 108 19.00 1.261.3 x 10 17.80 1.991.2 x 10 13.50 1.51

1IV 0 14.04 1.04
1.3 x 10 8 11.04 1.441.1 x 109 8.96 2.571.0 x 10 9.96 2.40

N• 0 27.78 2.221.3 x 108 20.70 2.211.1 x 10 9 24,83 1.491.0 x 10• 36+ (a) --

PETN 0 9.23 4.471.0 x 10. 7.69 3.28
9.0 x 109 7.56 7.451.0 x 10' (c) --

RDX C 14.75 3.86
1.0 x 10' 14.30 0.63
9.0 x 107 11.50 0.761.0 x 109 (c) -

TACOT 0 12.0 1.861.4 x 8 12.5 1.341.2 x 10 12.32 1.251.1 x 10 11.83 2.28
TATB 0 22.16 3.19

1.0 x 107 17.6 1.28
9.0 x 10 18.39 0.937.4 x 108 17.1 3.12
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TABLE 6 (Continued)

Explosive Gima Dose-f X--ean-Inches a-SmTD. Dev.-Inchae

Tetry! 0 17.3 0.96
1.4 x 108 16.2 0.81
1.2 x 109 19.5 0.86
1.0 x 10 18.25 3.28

TNB 0 23.26 4.58
1.5 x 107 18.5 2.96
1.3 x 10-8  20.5 1.89
1.0 x 109 32.5 4.15

TNT 0 25.5 7.48
3.0 x 107 26.5 8.41
1.0 x 10 ..-- --

1.0 x 10 9  30.11 5.55

NOTES: 2 kg drop weight with Picatinny Arsenal impact apparatus -

room temp. 70*F - rel. um. 53%

(a) No detonation in 25 trials.
(b) All DATB data based on burned, no explosion.
(c) Explosive became gummy during irradiation and stuck in vial.
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TABLE 7

EFFECT OF GAM4A RADIATION ONi EXPLOSION TEHPERATURE

AND APPARENT ACTIVATION ENERGY OF EXPLOSIVES

5 Second Apparent
Total Dose Explosion Temp. Activation Energy

Explosive R cC Rcal/Hole

BaN6  0 312 26.32
1.2 x 10 8  249 18.85

DkATB 0 7396 14.44
1.5 x 1076 384 17.83
1.3 x 109 373 15.95
1.2 x 10 365 17.74

HlX 0 300 14.45
1.3 x 10" 290 16.36
1.1 x 109 286 23.50
1.0 x 10 201 6.10

NGu 0 7 288 17.91
8.3 x 10" 282 14.72

1.1 x 10 286 15.04

PETN 0 228 18.12
9.0 x 10" 222 14.16

RDX 0 261 14.15
9.0 X 10 249 14.61

TACOT 0 415 31.14
1.4 x 10' 411 26.16
1.2 x 108 407 26.58
1.2 x 10 9 404 27.50

TAT 0 7 403 19.30
1.0 X 10 394 18.91
9.0 x 108 370 16.18
7.4 x 10 345 29.28

Tetryl 0 243 14.18
1.2 X 10 8  236 13.52
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TABLE 7 (Continued)

5 Second Apparant
Total Dome Explosion Temp. Activation Energy

EzjpLo a ily R _________ Kcul/Nol*

TNB 0 452 24.86
3-5 X 108 434 42.281.3 x 10u 458 19.47

TNT 0 396 21.70
1.0 X 10 8 389 15.05
1.0 x 10 394 18.37
1.0 x 10 345 19.23

Li
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The rate stick consisted of approximately eight 1/2-inch diameter,
3/4-inch long explosive pellets in a row and held together by end
plates. Each pin was made up of two 0.0003-inch strips of silver
foil placed between each explosive increment with the foil ends
separated by a 1/16-inch gap. A pair of five copper wires connected
each pin to the signal mixer circuit, a network of capacitors and
resistors. An array is shown in Figure 28. As the detonation wave
passes through the explosive charge the electric pulses are picked
up on the master scope. The events are recorded on film and the rates
of detonation are computed from the explosive increment lengths and
the time measurment displacements on the film.

Figure 29 illustrates the effects of Co gamia radiation on
the rates of detonation with the results listed in Table 8. The ir-
radiated pellets were the samples used to determine the changes in
wei4ht loss and dimensions in Table 2. Since BaN could not be deto-
nated, pellets of this material were not irradiatid.

Since the densities and detonation velocities were available
at the various irradiation levels the detonation pressure was approxi-
mated by using the hydrodynamic relationship

p n (3

which defines the detonation pressure P in terms of the loaded density
p, the detonation velocity D, and the particle velocity u, for stable
detonations. For solid C-H-N-0 explosives the approximation

u D (4)

has been found to be useful. Substituting (4) in (3)

1 " 2 (
(5)

When p is expressed In g/cc and D in cm/psec, P is in units of mega-
tons. The values obtained with (5) generally show good agreement to
within 10% of measured detonation pressures The calculated detona-
tion pressures are listed in Table 8 while a plot of the detonation
pressure versus density is shown in rigure 30.
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RESULTS AND DISCUSSION

In evaluating the effects of Co 6 0 gamma radiation on the explo-
sives studied in this program the changes in the properties of each
explosive were first examined as a function of total dose. The total
gamma radiation threshold was then determined. These threshold values
werr compared with each other so that a determination, or rather an
ordering, could be made of the explosives which ind-.cated the ability
to withstand gamma radiation.

Comparisons also were made with results reported by other inves-
t ati.onsi' 9 ' . These will be noted below when the radiation-
induced changes are discussed for each material. The reactive mater-
ials are listed in the order of their ability to withstand gamma ra-
diation.

It should be pointed out with regard to the detonation rate tests
that the values obtained with the irradiated samples, based on their
total gamma doses, show that the detonation pressure is a linear func-
tion of the density. Howevcr, in this work it was not possible to
establieh clearly whether the observed changes in deta'qtion velocity
and density were strictly a consequence of radiation or possibly a
consequence of a secondary thermal reaction caused by the gamma radia-
tion. The slopes of all the explosives were quite similar although
for iDX and TNB they were based on only two data points. It is to be
noted that detonation pressures, calculated from literature values of
rates of detonation and densities, fell fairly close to their respec-
tive blopes in Figure 30. (This is for densities other than those
tested as controls.)

a. TACOT

This high-temperature heat-resistant explosive displayed ex-
cellent radiation-resistant characteristics in a gamma environment.
When exposed to 3.7 x 10 R TACOT easily passed the 2000 C VST. In the
weight lgss measuremeata (Figuz•e 2) the powder sample 9 exposed to

1.2 x 10 RP indicated a greater loss than the 1.1 x 10 R sample. It
is believed that some moisture was introduced to this sample and DATB
which caused the varying loss in weight. However, the pelleti indi-

cated a very minimal change (>1%) to exposures up to 1.1 x 10 R.

The DTA theLmograms for TACOT are shown in Figure 10. Most
ot the control traces conducted at a heating rate of 20 0 C/min. re-

sulted in a detonation near the peak of the exotherm (398 0 C). The
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only trace that did not indicate a runaway reaction Is shown an the

control trace in Figure 10. In order to obtain a complete trace con-
sistently the heating rate had to be reduced to 2.5°C/min. with the
onset of the exothorm at 340°C and the peak at 376*C. TACOT does not
exhibit an endotherm.

All of the irradiated samples of TACOT resulted in a deto-
nation near the peak of the exotherm. Little change occuried until
the TACOT sample was exposed to levels of 1.1 and 3.7 x 10 R. The
exotherm at both levels was shifted downwards resulting in detonations
at 385*C and 387°C, respectively. At the highest exposure the onset
of the exotherm began at 320*C.

TACGT displayed good thermal stability accorIing to the TGA
thermograms. The highest level of exposure (7.0 x 10 R) produced a
10% weight lss temperature of 330*C. For exposures up to and includ-
ing 1.1 x 10 R the 10% value was not obtained since the material de-
flagrated at 406°C for the control samgle and 387*C for the irradiated

sample. The TACOT exposed to 3.7 x 10-R and 7.0 x 10 R detonated at
370*C and 355°C, respectively with the 10% weight loss temperatures
at 354*C and 330°C. At these two high exposures the effect of gamma
radiation was noticable on the thermal stability of TACOT since the
start of decomposition was 2400 C and 180*C, respectively compared to
the control value of 350*C.

TACOT normally decoiposes at 390*C in the melting poiat test.
With an exposure of 1.1 x 10 R this material decomposes at 378°C and
turns from a red orange to a reddish-maroon dark brown. The IR spectra
did not show any changes due to the gamma exposure. The impact test
data shows practically no9 change in the 50% fire value when the material
is exposed up to 1.1 x 10 R (Table 6). Very consistent results were
obtained in the explosion temperature test where the 5-second explosion
tewperature was lowered only 411%C to 404*C with an exposure of 1.1 x
10 R. With very little change in the dimensions and weight of the
pellets as a function of ý,amma dose it was not surprising that little
change was noted in the detonation velocity tests (Figure 29).

b. TATB

TATB is another aromatic compound that seems to withstand
gamma radiation. Very acceptable results were obtained in the 200%C
VST with a sample exposed to 2.8 x 10 R. The dimensional and weight
loss measurements seem to parallel those for TACO and DATB at the
same exposure levels (>1%).
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As with TACOT, TATE lso does not exhibit an endotherm. The
DTA thermogrames or TATB as shown in Figure 11 depict one exothern..
For the control samplq the peak o the endoth rm is at 384*C and for

sspl th 5exposures of 1.0 x 10 R, 9.0 x 10 R, 7.4 x 10 R and 2.8 x 109R the
peak shifted to 377 0 C, 372%C, 3659C and 363 0 C, respectively. As can
be seen the same effect was noted with the onset of the exotherm.

The TGA results for TATE show that for exposuren up to 7.0 x109R the 10% weight loss temperature decreased from 35 C to 299%.
- 1 9A significant shift was noted at exposures a? 2.8 x IOR and 7.0 x JO 9R.

The start of decomposition was 1250 C compared to t•he control value of
285'C. For the latter exposures those samplen detonated at 345. C andt 342%C, rospectively, while the other samples vxposed co levvels up to
7.4 x 10 R decomposed up to a 77% total weigh:- loss ai. 405NC. Results
for 10*C/mit., 50 0C/min., and 800 C/ctin.. are listed in Table 4.

At all exposure levels TATD decomposed in the mlting point
test at 4000C while the color changed frou a Lright yellow to a black-
ish green. In the impact test data ahihougb the 506 fire pcint wan
lowered from 22.16 inches, the irradiated 50% fire point scayed in
the rang% of 17-18 inches for the sample exposed from 1.0 -. 10/ to
7.4 x 10 R. In the explosion temperatvre test at: ef.fect was noted
in the 5-second explosion temperature which was lnered from a concrA.
40.1C •to 34500 for an exposure of 7-4 x 10 R. However. in the deto.
nation vlocity teat, only a 1-h; reduction was ev'iuent with the
1.1 x 10 R sample from the control.

c. DATB

This high-temperature, heat-resistant explosfve wan one of the
materials studied which Vthstood exposure levelF of gamma radiation
up to and above 1.2 x 10 K. In the 20O G VST the gas evolv-ed was less

9than I cc for exposures up to 1.2 x IC X and 6.15 cc for 4.0 x 10 R.
The weight loss for the irradiated vellet6 was very small and consilo-
tent with the -'esules obtained by Berberer for smaller pellets. 1 1

With the powder sample the weight loss generally was higher as a func-
tion of gose with the inconsistent value, tor tht-. sample ef-xposed to
1.3 x 10 R being attributed to mwstnire.

For DATB minor ghifts wore itoted in tte 11hA theraogrwne for
exposures up to 1.3 x IO0 Rgamnis. if the conr-xnl emaxple (Figure 5)
two exothetma were evident --- m ninor one :nt 312' &ad the major oue
at 353 0 C. some shifting of these eyx therms occir~ed at exposurep up
to 1.3 x 10 R. However, at epxosuces of 1.2 x !0 R aaid 4.0 2c 10 V
the minor exotherm !iaapprear',&. and the major- (ltrger) exotherma shifted
to 3490C antd 3430C, Y'.npe;ttv&Ly.
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The melting point endotherm also shifted downward from 282*C
to 276*C and finally to 2730 C. As can be seen in Figure 5, the small
entotherm at 227°C, which had lowered to 220C at a level of 1.5 x
0 9R, gradually broadened as a function of dose. Actually at 4.0 x
10TR that endotherm was relocated at 240C where it had flatened out
unýtt it was just discernable.

DAT5 displayed thermal 9tability up to 272*C for a 10% weight
loss for an exposure of 4.0 x 10 R gaa. The TGA thetmograms indi-
cated that at the highest exposure 82% of the sample had decomposed
at 340tC while 96% of the control had decomposed at 3459C. TGA thermo-
gr r were obtained for DATB samples subjected to exposures up to 1.2 x
10 R at heating rates of lO0 C/min, 50*C/min, and 80oC/min. As expected,
experience has shown that the values obtained at lower heating rates
weie lowe-r and tho.;e at higher heating rates were higher when compared
to a heating rate auch as 20 *C/min.

9 The melting point was only lowered 2*C for a total dose of
1.2 x 10 R although in the DTA trace the endotherm wr~s lowered almost
1.0C. The color of the explosive darkened from a yellow to a dark,
purplish brown from the exposures. The impact test results did re-
veal a lowering of the .50% point as a function of gauna dose from a
control value of 20.64 t:o 13.50 inches for the highest exposure. The
5-ucco,nod exploedlon temperature value was reduced monotonically trom
396%C to 365CC as a function of dose with li' tle change in the appa-
rent activation energy. With respect to performance, DATB displayed
ýxcellent results since the effect on the detonation velocity was
minimai-

It ~d. I}hX

The results obtained on IMD as a function of gamma dose strong-
ly indicate that the threshold irradiation level that H14X can withstand
is up to 1.0 x 106R. This is borne out by the results from the VST,
weight loss, ITA, TGA, meIting point, 5-necud explosion tLmPeraturC
and the detonation velocity. The m at indicative factor was the crumb-
11mg of the pellets at the I.1 x 1( R exposure level. For HLM, the
highest ganava dose exposures from u ich an acceptablg, although
ukarginal, 20000 VS[ value was obtained, was 1.1 x 10 R.

The DTA tbermogrmwa of the control and irradiated samples
of IM in Figure 6 reveal that the peak exotherm moved upwards to 293VC
from 28600 with an exposure of 1.1 0 It but decreased to 270 0 C when
expo.sed to 1.0 x 10 I.R At 1.1 x IR a small exotherm appears with a
peak at 179%C and th&s also flattened out at 172 0 C with the increased
exposure at 1.0 i 1 , R ganrua
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In the TGA results the 10% weight loss temperature of H1X
decreased from 282'j to 185i C as the gsa radiation dose was in-
creased to 1.0 x 10 R. A lower onset of decomposition also was noted.
This onset temperature wat decreased from the control value of 250%
to I05C for the 1.0 x 10 R level. In the same range the temperature
at which the H1X detonated was lowered from 282%C to 252*C.

The ueltig point value for HMX did not change significantly
until the 1,. 4. 10 R level where the material decomposed at 2550C.
HUC did •ot change in color. It remained white up to the level of
1.0 x lOgR. i

The impact sensitivity data indicated that HMX becomes more
sensitive as a function of dose from a control 50% value of 14.04

8inches to 8.96 inches when exposed to 1.1 x 10 R. Although not con-
sidered significant, an increase of 1 igch was recorded for the

material exposed to a level of 1.0 x 10 R. In the exploFion tempera-
ture test the 5-second temperat re decreased by 14'C to 286*C when
subjecte• to a dose of 1.1 z 10 5 R (Figure 18). However, ac the
1.0 x 10 R level the 5-second explosion temperature value was lowered
to 201% - almost a 100% reduction (Figures 18, 27). The same type
effect was noted in the apparent activation energy values (Tnble 7N_
In the detonation velocity tesha a definite change of 4.5% was noted
in the density at the 1.3 x 10 R exposure level which reduced the
detonation velocity from 8620 to 8410 m/sec. The VST, DTA, weight
loss, melting point and impact test data were in agreement with re-
suits obtained by Berberet and Urizar et al 1 , although the latter
subjected their samples to a combined neutron and gamma environment.

e. Te t•i

This booster-type aromatic compound produced some erratic
resv :s 1hen aublected to gamma radiation. With the VST only the
1.1 x 1.0KR sample vas able to paas the 120% test while the 1.2 x
10 sample tailed. However, It did pass the 100%0 test. This may
have been due to .tg melqing point. The weight loss measurements
in powdex apd pellet: foru increased dramatically from the 1.3 x 10 8 R
to 1.0 x 10 R exposure level.,1

By the DTA traces tetryl did not ghow much change attl it
was subjected to an exposure over 1.2 x 10 R. At 1.05 x 10 R gama
the melting point endotherm had v$derxed and shifted from the control
temperature of 128tC to 1176C. From Figure 12 it can be seen that
the tall maximiun 'sotherm at 220*C was red cad and broadened with
peaks at 195"'C and 210% for the 1.05 x 10 R exposure level and
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164 C and J03%C for the 1.44 x 105R level. For the highest level
(1.44 x 10 R) the widened endotherm peaked at 109C.

With the TGA traces the 1% weight loss temperature of tetryl
could not be obtained since the samples had lost only 7-8 when de-
flagration occurred. Tetryl deflagrated in the range from 215*C to
212%C when subjected to gamma radiation up to 1.2 x lO08. The onset
of decomposition was lowered from the control value of 180%0 to 140°C
after being exposed to a dose of 1.2 x io1R. The color changed from
yellow to a brownish yellow at the highest exposure. The impact
test redults, although within a small range (17-19 iigches), seem to
indicate an erratic behavior. Although the 1.2 x 10 R sample was the
only irradiated tetryl subjected to the explosion temperature test,
the results were comparable with the control but for a decrease from
2430C to 236FC in the 5-second value. In the detonation velocity
tests a density change d d not become evident until the sample had
been exposed to 1.3 x IOAR where ft went from 1.65 to 1.62 g/cc.
HRwever, at the 1.0 x 10 9R level the density change was from 1.62 to1.47 g/cc which lowered the detonation velocity from 7540 to 7010 m/sec.

f. TNB

Two aromatic explosives, TNB and TNT. selected for this pro-
gram, have relatively low melting points (120°C and 81.5%0, respec-
tively). Of the two TNB displayed more resistance to gamma radiation.
TNB produced accept;ble results in both the 1000 C and 2Q00C tests al-
though the 1.0 x 10 R sample evolved almost three times much gas in
the 100% test; as the 20000 test. Although the 1.0 x 10 R sample in

powder form did not produce mugh of a weight loss, the pellets were
all broken. Also the 1.0 x 10 R sample pellets crumbled upon contact
so that the detonation velocity tests could not be performed for these
two exposures. The weight loss values agree with the results by
Berberet.11

TNB does not display any exotherms. Two endotherma character-
ize its DTA thermogram as shown in Figure 13. The control trace Ji-
dicated a minor peak eng 8 therm at 121"C and a major one at 3530 C.
TNB was subjected to Co gamma rad ation exposures as follows:
1.5 x 10 K, 1.3 x 198 R and 1.0 x 10 R. Due to the irradiations, the
first endotherm (1210C) shifted to 1190C, 120'C, and 1120C, respeoc-
tively. The second endotberm 7became a doublet with peako at 30?%C ane.
3510C with a dose of P.5 X 10 R, stayed a doublet with peak& at 3560C
and 361°C at 1.3 x 10 R and returnVd to a single endotherm located at
349*C with an exposure of 1.0 x 10 R.
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TGA thermograms were obtained for THB which had been tub-
jacted to exposures up to 1.0 x 10 R gama. The 10% weight lo a
temperature ranged from 218*C to 180C for the irradiation noted.
The traces also indicated that 95-97% of these samples were decomposed

at 2850 C for the control and 2450C for the sample which received
1.0 x 10 R. The recults for TNK sesples heated at 10*C/min1 50'C/
main, and 80*C!,min. are listed in Table 4.

The highest exposure, 1.0 x 10 R, produced a color change
from pale yellow to brown and the melting point was lowered from 120C
to 1i3*C. The 50% impact test results chrsed from 23.26 inches for
the control dowu8to 18.5 for the 1.4 x 10 R sample, back up to 20.5
fo1 the 1.2 x 10 R sample and then up further to 32.5 for the 1.0 x
1041 sample. The 5-seconj exposure teaperature shifted down from 452*C
to 434°C for the 1.5 x 10 R sample and then back up to 458C for the
1.3 x 10-R sample. This cannot be explained at this time. With the
detonation velocity rejults only the lowest radiation exposure was
tested and this did not produce any change.

g. TNT

TNT has the lowest melting point of any explosive in this
study. The VST was conducted only at the 1900 C temperature and TNT
produced ace.nrahl. re....lt .at .. .i Qn .in o mt-lnk e

weight loss ot the pellets, which showed a definite increase as a
function of t2•:;:, agreed with the results by Berberet 1 1 for exposure
up to 1.0 x U.,R. The DTA traces start showing def~nite changes at
the 1.0 x 10 R level which increase at the 1.0 x 10 R level.

The TNT DTA thermograms are depicted in Figure 14. The
control DTA trace indicates a peak endotherm at 810 C and a peak exo-
therm at 3240 C. As a function of gamma r 1diation both of these peaks
were lowered in temperature. At 1.0 x 10 R the endot erm stayed at
810 C while the exotherm peaked at 3210 C. At 1.0 x 10 R the eudo-
therm became a doub1let with peeks a-t 78*C and 7900a .LJ-w- --l l er
of9 the exotherm was relocated at 315 0C. At the highest dose, 1.0 x10 K the endotherm widened almost from the start of the trace with
a peak at 71% and the exotherm had shifted to 290 0 C.

9For TNT TGA thermograms were obtained for exposures up to
1.0 x 10 R. The 10% weight loss temperaturg decreased from 1900 C for
the control value to 173*C for the 1.0 x 10 R exposure. For the
control sampie 99% of the material had decomposed at 250°C while for
the 1.0 x 10 R sample 86% of its weight was lost at 235*C.
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The impact data implies that TNT became less sensitive as
a function of g-a dose goino from a 50% value of 25.5 inches to

30.11 inches for the 1.0 x 10 R level. The 5-second explosio temper-
ature value did not change very much when exposed to 1.0 x 10 0 R but
at the 1.0 x 10 R level the value went from 396*C to 345*C. In the
detonation velocity test a slight change was evident at the 1. X

10'R level but a significant effect occurred with the 1.0 x 10 R
sample where the density of that material was lowered from 1.57 to
1.45 g/cc and the velocity was reduced from 6875 to 6375 m/sec.

h. RDX

Compared to HMX, RDX was affected the most, based on the ex-
posures to which these materials were subjected. in the VST the only
acceptable results were obtained with the 1.0 x 10 R sample and this'
was only with the 100*C test. In the weight los measurements the
RDX pellets which had been subjected to 1.0 x I0"R became very soft
and crumbled on contact, giving off a strong odor. BerberetiT and
Urizar1 0 reported the same type of results.

Figure 9 depicts the DTA thernograms for RDX. The control
DTA showed a double endotherm with qeaks at 193*C and 197*C. When

exposed to a gamma dose ot 1.0 x 10"R one of the endotherms dlsap-
pelred with the other peaking at 194"C. At an exposure of 9.0 x
10 R the other endotherm reappeared at 184*C while the major endo-
therm remained at. 194%C. However, with a total dose of 1.06 x 109R

the endotherm widened indicating only one peak at 190%C.

The TGA results obtained for RDX showed some pronounced ef-
fects and they did not follow the same trend as HMX. The 10% weight
loss temperature for RDX was lowered drastically froi 230 C for the
control to 63*C for a KT'X sample exposed to 9.0 x 10 R gamma, In
each case the material deflagrated or detonated at 240*C. For those
samples the start of deLomposition occurred at 190*C and 38*C,
respectively, which indicated a significant change caused by the
ganmma radiation.

The RDY. exposed to 1.06 x 109R became a white paste and de-
composed at 191*C in the melting point test.20  The ýmpact test data
indicated an increase in sensitivity at the 9.0 x 10 R which does not
agree with Urizar 1 0 at about the same level. The different type im-
pact test may be part of the answer. At the same exposure level the
5-second explosion temperature was reduced from 261*C to 2490C with
little chaige i• the slope. The detonation8velocity was not affected

at the 1.0 x 10 R level but at the 1.0 x 10 R level the RDX pelletr
were so fragile that the denfity and weight measurements were not
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made. The pellets were assembled and a detonation velocity of
6935 m/sec was obtained which was a significant decrease.

i. PETN

PETN was the other aliphatic compound besides NGu studied

in this program. Although the effect of gamma radiation was not as
drastic in the detonation velocity results as NGu, the results still
indicated that the material undergoes a very significant change under
any amount of radiation. In the VST, PETN7 could only pass the 100CC
test with the minimum exposure of 1.0 x 10 R. Both in the powder and
pellet form definite effects were noticeable in the weight loss meas-

urements. The pellets swelled and the weight loss at the 9.0 x 10K-
level was the highest of any of the other explosive pellets (7.1%).

In the DTA thermogri for PETN the effects of gamma radia-

tion at levels up to 9.0 x 10 R as shown in Figure 8 were slight.
The peak exothenm had not shifted and the peak endotherm had widened
and movedgfrom 1430C to 138*C. Although the DTA thermogram for the
1.06 x 10 R sample was not perfectly horizontal, it did indicate that
the endotherm had disappeared and that two broad exotherms were evi-
dent at 163*C and 2420C.

The TGA traces for PETN subjected to levels up to 9.0 x 10 7--
and the control saple indicated that about 96% decomposition occurred
at 220*C. Although the 10% weight loss temperature reduced from 187%
to 177 0 C, the important part is that the onset of decomposition did
decrease drasticaliy from 160'C for the control sample to 70%C for

a dose of 9.0 x 10 R. When the namples were run at a heating rate of
50 0 C/min. the trend remained the same, but all of the sampled defla-
grated in the range from 219C to 212*C.

The 9.0 x 10 7R exposure produced a 50C shift to a lower

temperature for the melting point and the 1.06 x 109R sample was re-
duced to a white paste. The results for the VST and melting point
were consistent with those reported by Rosen-uaer S and rev.wed by-

Kaufman' although the energy of the gamma radiation used in that
study was one-third of the gamma energy of the program. In addition
the weight loss results of Urhzar et al1  at the integrated flux

level which included a 2 x 10'R ga&-a component were in agreement with
the results at the corresponding expysure. The impact test results
were erratic. Although the 9.0 x 10 FR sample indicated only a reduc-
tion of 2 inches in the 50• fire point the standard deviation was
very large. The 1.06 x 10 R sample was not impact 5 eated because it

was pasty and stuck in the vial. Only the 9.0 x 10 R sample was
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tested in the explosion temperature test and the 5-second temperature

and the apparent activation energy indicated a downward trend. In
the detonation velocity tests the significant changes in the diam r
and weight loss affected the detonation velocity for the 9.0 x 101R
gample to be reduced from the contest 845 m/sec to 7660 m/sec. All
the pellets irradiated at the 1.06 x 10 R level crumbled.

J. Nitroguanidine (NGu)

The aliphatic compound NGu did not display much resistance
to gamma radiation. The most drastic and permanen 5 effect was shown
when the pellets irradiated to a level of 1.3 z 103R would not deto-
nate in the detonation velocity test although only a 0.4% weight loss
was noted. In the VST data the material Indi ated acceptable results
in the 120C test to exposures up to 1.1 x IN.

Nitroguanidine was gIrradiated at different levels up to a
total exposure of 1.44 x 10 R gamma. As can be seen in Figure 7 the
DTA thermograms indicate that peak exotherm starts from the melting
point endotherm at 2400. Both the endotherm and exotherm are lowered
in temperature from the effects of gamma radiation. The peak exotherm
shifts from the control tel erature at 2490 C downward to 234*C for a
total exposure of 1.44 x 10 R. The endotherm not only shifts in the
name direction from 240=c to 2Z6OC but it also becoes shall•#cr.

TCA thermograms were obtained on nitroguanidhne (N~u) samples
that had been subjected to total doses up to 1.1 x 10 R gamma. Both
control and irradiated smaples deflagrated in the range from 249*C
to 244 0 C with the 10% weight loss temperature decreasing from 248'C
to 231"C.

The melting point did not exhibit much of a change but
another effect that indicated substantial desensiLtization was the

fact that in the impact test no fires were recorded at 36 inches for
the L.0x 109KR snple. in.th Maplosion te-----ret -0- tUlm- ry-t C-[;- L

value did not show a major shift for exposures up to 1.1 x 10R. ibis
also was reflected ig the apparent activation energy. At 1.0 x 10 R.
and also at 1.0 x 1.0-R nitroguanidine (N~u) would not propagate when
tested.

k. Barium Azide

This inorganic azide, though a reactive material, is not a
true explosive. Of all the materials tested, this one was affected
the most by the gamna radiation. The VST results show that the
material deflagrated in the 200% test at exposures as low aa
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1.4 x 10 R. When the test was reun at 100*C for 40 hours an exces-
sive gas evolution was obtained for the sample exposed io 1.2 x 10 i.
The acceptable value at 100lC, when exposed to 1.0 x 10 R, is probably
explained by the comparable DTA and TGA thermograms. In the DTA the
large exotherm has practically disappeared so the sample may have been
only a r, sidue. Actually the IR spectra (Figure 15) indicated that the
material was decomposed and subsequently reformed into a form of
barium carbonate. This was the only material in whch the melting
point increased with exposure and with the 1.2 x 10 R sample the
material exploded at 260C. The impact test results were erratic but
the sample with the highest exposure did not indicate any fires at
36 inches. A defin: te change was noted in the explosion temperature
results where a -630C change was noted in the 5-second temperature
for an exposure of 1.2 x 10-R. The impact teat results were erratic.
If the material had changed, these results are not surprising. since
a detonation velocity could not be achieved, pellets made from BaN 6
were not irradiated. However, in powder form the weight loss for
BaN6 frcu an exposure of 1.4 x 108R was 4.5%.

According to the DTA traces, the effect of gamma radiation
on BaN was significant. As seen in Figure 4 the peak of the exo-
therm It 210*C for the control sample shifted to 1520C with a t tal

gamna. dose of 1.4 x_10 R, then to 126*C with a dose of 1.2 x 10KR and
finally at 1.0 x 10VR a very small sharp peak was evident at 265"C.

The thermal stability of BaN was affected by the gama ra-
diation. The 10% weight loss temperature could not be obtained for
any control or irr~diated sample at that heating rate. The start of
the decomposition was lowered from th, control temperature of 193*C
to 143*C with an %xposure of 1.4 x 10 R and further to 100*C for a
level of 1.2 x 10R. These samples deflagrated at 133%C, 145C 9and
125*C, respectively. The sample exposed to a level of 1.0 x 10 R
resembled a sample which displayed little reaction - actually only
9.5% weight losR had occurred up to 450C. The DTA and TGA traces
of the 1 .0 x 107R sample do resemble those for barium carbonate as
shown in the IR spectra.

The IR spectra for BaN6 indicated that definite shifts had

occurred at ;ach increased exposure level from 1.4 x 10 R, 1.2 x 108R
to 1.05 x 10 R. Changes in peak& and intensities are evident as a
function of gama dose but the entLre spectra from control to the
material subjected to the highest exposure indicated a change in the
material. 9 Comparing this to other IR spectra indicated that the
1.05 x 10 R SaN6 became a form of barium carbonate. Vais is not
surprising when it is realized that the ýaN6 was irradiated in air
at roca temperature for approximately 10 hours.
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SUMMAY

The effectu of gama radiation on the thermal stability, purity,
sensitivity and performance of several military explosives have been
determined.

The followi•n threshold limits were derived for damage as a
function of total gamma dose:

a. RDX, PEW and NGu can withstand game radLition to a
level of 1.0 x Io7R.

b. H1C, tetral, TNB and TNT can withstand gazma radiation
to a level of I.0;x .0 .

c. TACO;, TATB and DATB can withstand gamma radiation to a
level of 1.0 x 10 R.

a d. BaN6 was not able to withstand a gamma radiation level
of 1.4 x 10 R.
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